Purpose Although the resumption of low-impact sports activities is compatible with total hip arthroplasty (THA), participation in high-impact sports seems problematic, and there is no consensus as to whether it is advisable. The purpose of this article is to evaluate the quality and possibility of resuming high-impact physical activities after hip resurfacing. Materials The study was performed in an on-going, singlesurgeon, prospective series of 215 resurfacing arthroplasties (RSA). Mean follow-up was 44.1 months (range, 39.1-54.5). Clinical evaluation included the Postel-Merle d'Aubigné (PMA) score, the Oxford hip score, the Harris hip score (HHS), Devane score, and UCLA activity score. A specific questionnaire analysing sports activities was administered to each patient to assess the number and level of physical activities performed (both before the operation and at final follow-up). Results In the series of 202 consecutive patients (215 RSA), 50 patients (55 RSA) engaged regularly in at least one highimpact activity before their operation and the onset of pain, 102 patients practised at least one intermediate-impact activity, and the 50 remaining patients undertook only low-impact activities. Harris hip score increased from 44.8 (range, 23-68) before the operation to 97.8 (range, 85-100) at the last followup. Mean time to sports resumption after surgery was 14.6 weeks (range, 7-29). The resumption rate was 98 % for sports of any impact level and 82 % for high-impact activities. No osteolysis or implant loosening was observed at follow-up. No revision was performed. Conclusion In 2012, no consensus recommendations yet exist for the resumption of sports activities after RSA. Existing recommendations concern only conventional THA. We believe that RSA allows younger and more active patients to resume physical and sports activities without restriction. The rate of return to sports after RSA appears to be excellent and unequalled by conventional hip prostheses. High-impact sports seem to be compatible with hip resurfacing, although no longterm studies have analysed the impact of these activities on wear and/or aseptic loosening.
Introduction
The resumption of low-impact sports activities is compatible with total hip arthroplasty (THA), but the effects of participation in high-impact sports are not well understood. Indeed, the resumption rate of high-impact activities frequently correlates with the surgeon and/or implant type [43] . Although patients generally report a high degree of satisfaction with THA [13, 26] , they feel restricted in terms of sports participation. Sports activities that generate significant impact seem to be problematic, given the risks of dislocation, peri-prosthetic fracture, and aseptic loosening [4, 5, 20] .
Since 2012, however, patients increasingly feel that maintaining high-level sports activities constitutes an important part of their quality of life [10, 45] . Furthermore, some authors believe that sports activities are not necessarily deleterious to implants [10, 12] .
In this patient category, hip resurfacing arthroplasty (RSA) has been increasing in popularity since the early 2000s because of its potential benefits (biomechanical reconstruction, femoral bone stock preservation, absence of instability, large diameter effect, preservation of proprioception, etc.) [2, 15, 29, 38, 40] . After RSA, the return to lowor intermediate-impact physical activities seems to be faster and of better quality than after THA [27] . However, the resumption and possibility of high-impact physical activities have not been analysed after RSA.
The goal of this study was to evaluate the quality and possibility of resuming high-impact physical activities after RSA, in an on-going, single-surgeon, prospective series.
Materials and methods

Patient series
Between October 2007 and October 2008, 215 RSA (202 patients) were performed by an experienced senior surgeon. Contraindications to the procedure included age over 65 years for men and over 55 years for women, femoral head avascular osteonecrosis with volume exceeding onethird of the femoral head, and osteoporosis confirmed by bone densitometry.
A specific questionnaire analysing sports activities was administered to each patient to assess the number and level of physical activities performed (both before the operation and at final follow-up). These activities were divided into three groups with various impact levels (low, intermediate, or high), as classified by Clifford and Mallon [8] . The protocol was approved by the research ethics and scientific evaluation committees of our institution. In the series of 202 consecutive patients (215 RSA), 50 patients (55 RSA) engaged regularly in at least one high-impact activity before their operation and the onset of pain, 102 patients practised at least one intermediate-impact activity, and the 50 remaining patients undertook only low-impact activities. Our study analysed the 50 patients (55 RSA) who participated in high-impact activities before surgery: 45 were male (50 RSA) and five were female (five RSA). A total of 26 RSA were performed on the patients' right side, and 29 on the left side. Mean age at the time of surgery was 51.5 years (range, 30.8-64.8), and mean body mass index (BMI) was 23.7 kg/m 2 (range, 21.7-33.6). Pre-operative aetiologies are detailed in Table 1 .
Surgical technique
The RSA prosthesis used was the Conserve Plus® implant (Wright Medical Technology, Inc., Arlington, TN, USA). All procedures were performed by an experienced surgeon and the same surgical technique was employed each time [16] . All procedures were conducted under general anaesthesia with the patient in the lateral decubitus position and taking an external posterior approach. The external rotators were detached eight millimetres from the femur, while the lower quarter of the quadratus femoris muscle was preserved. Posterior capsulotomy was performed to permit hip dislocation. Femoral instrumentation permitted optimal positioning of the femoral stem axis to optimise the anterior head-neck ratio [16] . Once the femoral head was prepared, all osteophytes were removed from the acetabular cavity to prevent the cam effect. Then, the acetabular cup was impacted and the femoral implant cemented. After verification of good joint congruence and intra-operative testing of stability and the cam effect, the external rotators and gluteus maximus muscles were reattached.
Full weight bearing was immediately permitted and patients stood up the day after the procedure. They started walking again with the help of two crutches. Mean length of hospital stay was 6.1 days (range, four to eight). A physiotherapist monitored functional recovery three times per week for one month. Unrestricted sports activities were permitted by the sixth week after postoperative follow-up.
Data collection
Patients were seen at follow-up at six weeks, six months, and then annually. Range of motion was measured during the clinical examination, with patients performing the hop test and checked for Trendelenburg's sign. Clinical evaluation included the Postel-Merle d'Aubigné (PMA) score, the Oxford hip score, the Harris hip score (HHS), Devane score, and UCLA activity score.
Patients were asked to report the amount of time they devoted to sports per week (under two hours, two to four hours, four to seven hours or over seven hours), the presence of any specific symptoms while engaged in sports (pain, stiffness, muscle weakness, etc.), and the resulting use of analgesics or anti-inflammatory agents.
Antero-posterior radiographs of the pelvis were taken with the legs positioned in 15°of internal rotation. The radiographs were rejected if the coccyx was not centred on the pubic symphysis and was not located within two to four centimetres proximal to it. This ensured proper positioning of the pelvis in both the frontal and sagittal planes [41] .
The selected radiographs were scanned (VXR-12, VIDAR Systems Corporation, Herndon, VA, USA) and analysed with Imagika™ software (View Tech, Jersey City, NJ, USA) for valid and reliable values of hip joint biomechanical parameters [17] .
Femoral neck-shaft angle was measured on postoperative radiographs, as was the angle between the resurfacing femoral prosthesis axis and the anatomical axis of the femoral shaft (femoral component axis-shaft angle). Pre-operative 
Results
Mean follow-up time was 44.1 months (range, 39.1-54.5).
No revision arthroplasty was performed, and no dislocation or infection complications occurred. Of the 50 patients participating in high-impact sports before the operation, 48 (96 %) reported that they were satisfied or very satisfied with the procedure, and only one patient was dissatisfied. All patients had to modify or stop their high-impact sports activities pre-operatively because of pain and discomfort.
At clinical review, only one patient had stopped all kinds of sports activities. Mean time to sports resumption after surgery was 14.6 weeks (range, seven-29). Eight patients no longer participated in high-impact sports at the last followup, yielding an 82 % rate of return to high-impact activities.
Pre-operatively, the mean number of sports that patients participated in was four (range, one to seven), and the weekly time spent participating in sports was 3.2 hours (range, 1-8) ( Table 2) . At the last follow-up, the mean number of activities performed was 3.6 (range, 1-8), which was not significantly different from pre-operative values (p=0.08). Similarly, there was no significant difference between time spent participating in sports pre-operatively and at last follow-up (p=0.07), with a mean weekly duration of 2.9 hours (range, 2-9). It must be noted that, in this series, physical activity participation (whatever the impact level) was 98 %.
The series was sub-divided into patients older than and younger than 50 years (28 and 27 patients, respectively). Patients older than 50 years significantly decreased their number of activities (Table 3 ). Other data (time spent participating in sports, number of activities) showed no significant differences between the pre-operative period and at final follow-up.
Five patients (10 %) reported feeling apprehensive while engaged in sports after the procedure, two patients (4 %) felt they had not regained their earlier flexibility, and two others (4 %) complained of muscular weakness. No patients took any analgesics.
Improvement of joint amplitude was significant for all sectors of mobility (Table 4) . Mean pre-operative flexion was 91.2°(range, 75-130), which increased to 118.2°(range, 95-130) at follow-up (p<0.001), while mean extension increased from 2.4°(range, -10 to 10) to 11.4°(range, 0-30) (p<0.001). The nine cases of pre-operative hip flexion deformity (>10°) had completely resolved on follow-up. The mean pre-operative hop test score of 2.6 (range, 0-10) increased to 8.8 (range, 5-10) (p<0.001) at follow-up.
Mean PMA score was 11.1 (range, 7-15) pre-operatively and 17.8 (range, 16-18) at follow-up (p<0.001). HHS improved significantly (p<0.001), from 44.8 (range, 23-68) preoperatively to 97.8 (range, 85-100) at follow-up. Mean Devane score increased significantly (p<0.001), from 3.6 (range, 2-5) pre-operatively to 4.6 (range, 3-5) post-operatively. UCLA activity score improved significantly (p<0.001), from 6.6 (range, 4-10) pre-operatively to 9.1 (range, 8-10) at followup. Significant differences were also noted in PMA, HHS and Devane scores of subgroups older than and younger than 50 years (Table 5) .
Radiological analysis revealed mean pre-operative CCD angle of 134.2°(range, 125-144). At follow-up, the mean 
Discussion
Functional ability after hip arthroplasty has become increasingly important since 2012 [38] . Current implants and surgical techniques must respond to growing demands from patients who want to resume their normal sports activities. Among active and athletic patients, hard-hard bearing (metal-on-metal or ceramicon-ceramic) can help to reduce the risk of wear and loosening [14, 21] , while polyethylene wears more quickly, reducing implant survival rate [33] . In addition, the recent development of large-diameter prosthetic heads (equivalent to femoral head diameter) has significantly curtailed dislocation rates and allowed unrestricted movements necessary for participation in sports activities [9, 12] . However, resumption of high-impact sports after hip arthroplasty implantation has been seldom analysed in the literature, despite growing demand [28, 43] . Follow-up in our study was relatively short, but the resumption of sports activities generally occurs during the first six-12 months after surgery [23] , with no real subsequent changes. Although the number of patients included in this study (50 out of 202 cases) may appear small, it represents the proportion of people engaged in high-impact sports in the general population.
Recommendations for resuming sports after THA have evolved along with manufacturing techniques for implants, which now have lower wear rates than ever before. In 2007, Klein et al. [23] published a survey of 549 surgeons belonging to the Hip Society and the American Association of Hip and Knee Surgeons, to establish consensus recommendations. Impact level was determined according to the same classification as in our study [8] . All high-impact activities, but also tennis and snowboarding, were contraindicated after THA. More than 60 % of surgeons gave their consent for patients to resume their activities between three and six months after the procedure, and only ten percent authorised their patients to engage in a sport within the first three months. We, on the other hand, believe that the return to sports should not be limited by time. Indeed, in our experience, patients should return to sports as soon as they wish to do so. Time to recovery varies, but usually corresponds to the acquisition of good monopodal postural stability and locking of the hip, which occurs around the secondmonth after surgery [40] .
The patient and surgeon decide when the patient can resume sports activities [26] . In our series, patients were able to return to their activities as soon as they wished (after a minimum of six weeks). We ascertained that mean time to sports resumption was about three months (14.6 weeks), a finding supported by data from other series [3, 7, 28, 32, 33] . In the series reported by Naal et al., 50 % of patients resumed their sports activities within the first three months, and 90 % in less than six months [32] . The resumption timeframe in the series studied by Banerjee et al. [3] was less than three months for 90 % of patients. As noted in other recent series [18, 26] , we have not determined whether age has a negative influence on number of activities and time spent participating in them. It seems, however, that with age, patients stabilise the amount of time devoted to physical activities by selecting and reducing the number of sports they participate in. The number of activities resumed is high in all RSA series, with a mean number of 4.6 sports reported by Naal et al. [32] and 3.2 by Banerjee et al. [3] .
The 98 % rate of return to sports of any impact level observed in our series is consistent with data in the literature, which rates between 87 % and 98 % being recorded [3, 28, 33] . This rate is significantly lower in conventional hip arthroplasty series. Indeed, older series reported 52-56 % rates of return to sports after THA [11, 20, 36] . More recent THA series showed high rates (up to 83 %, according to Chatterji et al. [7] ) but always lower than in hip resurfacing series [35] . The 82 % rate of high-impact activity resumption appears to be very satisfactory, although no comparison can be found in the literature. Very few studies have compared the resumption of sports activities after RSA and THA. Lavigne et al. [27] conducted a prospective randomised study of 194 patients, comparing RSA to THA. At follow-up, the activity score was significantly higher in the RSA group. Similarly, there was a significant difference between the mean UCLA score of 7.1 in the RSA group and 6.3 in the THA group. Wylde et al. [44] obtained better results in patients who had undergone resurfacing compared to THA. However, the absence of randomisation resulted in a population difference, with the RSA group being clearly younger. Indeed, the rate of sports resumption was 49.6 % in the RSA group, whose mean age was 52.2 years, and 25.7 % in the conventional arthroplasty group, whose mean age was 68.2 years. Therefore, age seems to have been a determining factor in patient selection and results of the series. The corollary is that RSA is more appropriate for younger patients (under 65 years old), who are more active and participate in several sports.
In our series, range of motion at follow-up was very satisfactory and contributed to the resumption of daily and physical activities in good conditions. The mean flexion observed in our study was close to the threshold value of 120°required for patient satisfaction and the resumption of daily and sports activities [22, 34] . There is also a correlation between flexion and sports performance, clinical function scores, climbing stairs, and putting on shoes [6, 26] . Since significant pre-operative hip mobility was a risk factor for dislocation [25] , a large-diameter implant was proposed for patients whose combined flexion, adduction, and internal rotation exceeded 115°. With THA, the chance of having another instability episode remained high in young and active patients. At ten years, the cumulative risk of dislocation after THA varied from 3 % to 12 %, depending on femoral head diameter, [4] while it was quite low (almost zero) after RSA [2, 24] .
In our series, participation in high-impact sports did not increase short-term complications. Similarly, Amstutz et al. [2] reported that among active RSA patients under 50 years of age, the medium-term survival rate for implants was identical to that of the older group. Also, no aseptic loosening was seen at five-year follow-up, and the femoral revision rate for aseptic loosening and neck fracture was 2.8 %. Treacy et al. [42] reported a survival rate of 98.8 % over ten years among patients with RSA whose mean age at implantation was 52 years. In a series of 58 tennis players with conventional replacement (75 THAs), Mont et al. [30] encountered a revision rate of 4 % within eight years.
Resumption of sports is strongly correlated with muscular function, which requires perfect biomechanical reconstruction and compliance with the abductor muscles. Automatic biomechanical hip reconstruction after RSA allowed us to observe a walking pattern identical to that of a natural, non-osteoarthritic hip [39] . Mont et al. [31] noted that this walking pattern was severely compromised in THA patients, who expend more energy during cyclical movements and whose maximum walking and running speeds are substantially lower than those of RSA patients. The preservation of femoral bone stock, femoral neck mechanoreceptors, femoral offset, and femoral lever arm permit better reconstruction of the anatomy after RSA than after THA [5, 29] .
Conclusion
Sports recommendations after THA [19] have evolved between 2001 and 2007, allowing more physical activities. This evolution is due to better understanding of the causes of wear and the development of more effective bearings [37] . In 2012, no consensus recommendations yet exist for the resumption of sports activities after RSA. Existing recommendations concern only conventional THA. We believe that RSA allows younger and more active patients to resume physical and sports activities without restriction. The absence of mediumterm wear, the good bone quality of RSA patients, and implant stability engender very satisfactory functional recovery, without loosening over the medium term [1] .
We found that the rates of return were 98 % for sports of any impact level and 82 % for high-impact activities. These rates are excellent and are unequalled by THA. High-impact sports seem to be compatible with RSA, although no longterm studies have analysed the impact of these activities on wear and/or aseptic loosening [38] .
